To assess the association of specialty training and experience in the care of HIV disease with HIV-specific knowledge, referral patterns, and HIV-related education activities.
T here is not a consensus in the medical community about what types of physicians are best suited to taking care of HIV-infected patients. 1±3 As HIV treatment becomes more complex, physicians with specialty training in infectious diseases (IDs) are often delivering care. While some advocate for care by specialists, 2 many believe that AIDS care should continue to be based in primary care settings because AIDS care often requires teams of providers with different skills. 1, 3, 4 Optimizing quality of care requires specialty care as well as core features of primary care such as accessibility, coordination, comprehensiveness, and continuity. 1 Consequently, what constitutes expertise in the context of HIV care is a complex issue that may not conform to traditional distinctions between specialists and generalists. We theorized that expertise in the treatment of a particular condition would be related to both specialty training and specialization. By specialty training we mean residency, fellowship, or other formal training and/or board certification in a particular area. By specialization we mean experience and focus in a particular clinical area. A physician without formal training in a particular area might take a particular interest in a condition by following the current literature, attending conferences, seeking out patients with the condition for care, and/or participating in clinical research. For instance, a general internist might choose to focus on women's health or a cardiologist might choose to focus on congestive heart failure. Thus, we use the term``specialization'' here to refer to the experience, skills, and knowledge necessary to competently care for patients with specific conditions, irrespective of formal training.
No study that we are aware of has examined the relationship between formal specialty training and informal specialization for providers of HIV care or for other chronic conditions. To better understand this issue, we surveyed physicians caring for a national probability sample of patients with HIV infection. We first examined the relationship between specialty training in infectious diseases and HIV specialization, using current HIV caseload and selfassessed expertise as indicators of specialization. Next, we examined the relationship of specialty training and HIV specialization to HIV-care knowledge levels, referral rates, and rates of attendance at HIV-related continuing medical education (CME) activities. We hypothesized that generalist physicians who identified themselves as HIV experts would have knowledge levels, referral rates, and attendance at HIV-related CME activities that were similar to infectious disease specialists.
METHODS

Sample
Study subjects were physicians identified by HIVinfected patients participating in the HIV Cost and Services Utilization Study (HCSUS). 5, 6 The HCSUS employed a multistage sample design to enroll a probability sample of persons in care for HIV in the contiguous United States.
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In the first stage of sampling, we randomly selected 28 metropolitan statistical areas and 24 clusters of rural counties that, in the aggregate, contained nearly 70 percent of all U.S. cases of the acquired immunodeficiency syndrome (AIDS). 9, 10 In the second stage, we randomly selected 58 institutional or individual providers known to care for patients with HIV infection in urban areas and 28 in rural areas, who had been identified by local physicians or public health officials, as well as 87 other providers in urban areas and 23 in rural areas, who had confirmed in a screening survey of approximately 4,000 physicians that they cared for eligible patients with HIV infection. In the third stage, we randomly selected patients by participating providers during January and February 1996. The study enrolled 2,864 patients and these patients completed a baseline interview and 2 subsequent interviews about aspects of their care, including costs and access to care.
Physician Sample Identification
As part of the second interview (conducted primarily in 1997), patients were asked to identify and provide contact information for all major health care providers, including primary care physicians, specialist physicians, nurse practitioners, and/or physician's assistants. As part of this sequence of questions, each patient was also asked to name the single physician most important to their HIV care. This person was designated the``principal HIV physician'' and 85% of patients were able to identify such a physician. In cases in which the patient was unable to identify a principal HIV physician, we created an algorithm to match the patient with the physician most likely to be responsible for his/her care. First, we selected the physician the patient said he or she saw most recently for HIV care and if there was no such physician, then we selected a non-HIV primary care physician that they identified. For the 13% of patients missing all of this information in the second interview, we used the primary HIV physician that the patient identified in the baseline survey, or, if they did not identify such a physician, the non-HIV primary care physician identified from the baseline survey. These physicians constituted the sample for the physician survey (Fig. 1) .
For identified physicians, we confirmed mailing addresses by telephoning their practice site or local contacts, checking the AMA website, and conducting Internet searches to obtain addresses. 11 We were successful in obtaining current addresses for 80% of the physicians.
Survey Methods
The surveys were administered between September 1998 and July 1999. We sent each physician a survey with a $25 check as a token of appreciation for study participation. Nonrespondents received 3 follow-up calls and were offered the chance to complete the survey by phone on the third round. Completed surveys were reviewed and calls were made to query missing items and to clarify ambiguous responses. Only 34 providers completed the interview by phone.
Survey Content
The survey first asked about the physician's outpatient practice sites, including the number of half days they spent in each site and whether or not they see HIV-infected patients. It also asked about year of birth, gender, year of graduation from medical school, race and ethnicity (African American, white, Hispanic, or other), and formal training, including whether the respondent had completed or was completing a residency or fellowship in 1 of 11 specific specialties, such as internal medicine, family practice, or obstetrics and gynecology, and whether they were board certified or eligible. Responders were also asked if they were exclusively heterosexual, mostly heterosexual, bisexual, mostly homosexual, or exclusively homosexual.
The survey then asked about the physician's current and past HIV practice experience, including the number of patients currently cared for (categorized for analyses as 0 to 19, 20 to 49, and >49), the cumulative number of cases cared for in the previous 5 years, the percentage of cases that were women, and the proportions with various risk factors for acquisition of HIV in their patient population. We created variables indicating whether the respondent said that 50% or more of his or her patients had intravenous drug use, homosexual contact, or heterosexual contact as a risk factor. The physicians were also asked whether they considered themselves``specialists'' (hereafter referred to as``experts'') in the treatment of HIV and whether they would consider themselves extremely, very, somewhat, or not at all knowledgeable about HIV-related treatment. There also were questions about the proportion of their HIV-infected patients enrolled in clinical trials (categorized for analyses as 0% to 5%, 6% to 10%, 11% to 30%, and >30%) and the number of local (categorized for analyses as 0 to 4 and 5) and national (categorized for analyses as 0, 1 to 3, and 4) HIV-related CME activities they had attended in the last 12 months.
Physicians also were asked whether they ever needed to consult a colleague to discuss clinical management of HIV and, if so, whether they had access to a colleague in their practice, nearby or accessible by phone, or not at all. They were then asked how often (never, less than half the time, about half the time, more than half the time, or always) they``referred patients to another physician with specialized HIV knowledge'' for 5 situations: initial evaluation of the HIV-infected patient; initiating antiretroviral therapy; evaluating possible changes in antiretroviral therapy; interpretation of a viral load or other test result; and choosing an alternative opportunistic infection prophylactic regimen.
The survey included a series of true/false/don't know questions that asked about the physicians' knowledge of current HIV treatment practices. These questions were developed with input from HIV experts. They covered 2 main domains: screening/prophylaxis and management of antiretroviral therapy. A larger set of questions was pretested with convenience samples of approximately 50 general internists with no specific interest in HIV and 50 infectious diseases or other HIV specialists attending a national HIV conference. We chose 12 questions for inclusion into the questionnaire that demonstrated both good variability and discriminate validity on the pretest (Appendix A). Six of the questions related to prophylaxis against opportunistic infections and screening and 6 were related to viral load testing and antiretroviral drug therapy.
Analytical Weights
To better understand the impact of physician characteristics on patient care, we also present physician characteristics weighted to reflect the HIV-infected patients under care nationally. To do this, we used the sum of patient weights for the patients treated by each physician, using the HCSUS weights. 6, 7, 12 The patient weights are an estimate of the number of persons represented by each respondent. In addition, these weights are further adjusted to account for physician nonresponse.
Analytic Variables
For the knowledge questions, the number of correct responses out of 12 were summed to form a knowledge score.``Don't know'' responses were classified as incorrect. Each item in the scale was weighted equally. Factor analysis of the scale revealed a single underlying construct to the scale. Each item was found to be highly correlated with the scale (range, 0.20 to 0.49) with 1 exception. That item, related to vaccination for Haemophilus influenzae, was negatively correlated with the scale and was therefore dropped from analyses, leaving 11 items in the scale. Further investigation revealed that this topic had become controversial and that many HIV experts no longer agreed with the recommendation. The Cronbach's a for the resulting scale was 0.64. Because of the skewed distribution of the score, we also created a dichotomous variable indicating whether the physician was correct on 80% or more of these questions. Items assessing referral patterns were also skewed, so we dichotomized those questions intò`e ver referred'' versus``never referred.'' We created a summary variable coded as``yes'' if the physician indicated that they ever referred for any of the 5 situations. Physicians with training in internal medicine, family practice, general practice, pediatrics, and medicine/ pediatrics were classified as generalist physicians. The small numbers of physicians (14 in total) with non-ID subspecialty training or training in other specialties (for instance, 4 in hematology/oncology and 2 in obstetrics/ gynecology) were classified with the generalist physicians. Only 6 of 152 (4%) ID physicians in the sample did not consider themselves HIV experts. To examine the joint effects of training and expertise in multivariable models, we therefore created a composite training/expertise variable with 3 levels: ID physicians, generalist experts, and generalist nonexperts. When analyzing experience, we examined both current and cumulative caseload. Because these were highly correlated (r = .58), we used only current caseload in analyses presented here.
Analyses
We compared physicians with formal training in infectious diseases to those without formal training in infectious diseases, primarily generalist physicians. Within each of these classifications, we stratified by whether the physician rated himself or herself as an expert in HIV. Proportions were compared using the c 2 test, and continuous variables were compared using the t test. We used multivariable logistic regression to examine the influence of specialization on 2 dependent variables: whether the physician answered more than 80% of the knowledge items correctly and whether the physician ever referred patients. All multivariable models included years in practice, gender, race, and risk factors for HIV acquisition in the physician's practice as covariates. In the knowledge analyses, we first examined the relationship of ID training, self-assessed expertise, the composite training/expertise variable, and current HIV caseload to knowledge levels. We then examined the joint effects of the composite training/expertise variable and current HIV caseload. We used the same approach to develop models of referral practices, except that in the final referral model we also included the knowledge variable.
RESULTS
Of the 551 clinicians with correct addresses, 412 (75%) responded to the survey (60% of all physicians identified). Thirty-three of these were nurse practitioners or physician's assistants whom HCSUS participants had identified as physicians; we eliminated these. This left a total of 379 responses (Fig. 1 ). In general, there was no difference in response rates by region of the country, but respondents tended to have more patients enrolled in HCSUS (mean number identified, 4.8 vs 2.3; P < .01). We had no other information with which to compare responders to nonresponders. Item completion rates ranged from 88% (income) to 100%, with most items completed by 99% or more of the respondents.
The average age of the respondents was 44 years, and 73% were male, although male physicians treated 83% of patients (Table 1) . Fifty-six percent of the physicians identified themselves as general physicians. Physicians with ID training, however, cared for 46% of the patients. Seventy-eight percent classified themselves as white while 7% were African American. Approximately a third of the sample had an annual income of less than $100,000/year. The physicians spent approximately 33 hours per week in patient care and derived approximately 72% of their income from patient related activities. The average physician saw approximately 60 patients/week. Twenty percent of the physicians identified their sexual orientation as mostly or exclusively homosexual. Table 2 presents data on HIV-specific experience and practice characteristics by specialty training (classified as general medicine/other or ID) and then, within specialty, by whether the physician was a self-rated expert in HIV care. Physicians trained in infectious diseases were more likely to consider themselves expert in HIV care than physicians in the general medicine or other category (96% vs 63%; P < .01). For most of the characteristics in Table 2 , infectious disease physicians and self-rated experts within general medicine were similar. Median current caseloads were greater for general medicine experts than for ID experts (200 vs 150 patients; P < .05). In contrast, the average caseload for other general medicine physicians was 5. Three percent of ID and 4% of general medicine experts had fewer than 20 active cases compared with 74% of general medicine physicians who did not consider themselves HIV experts (P < .01). These low-volume physicians cared for an estimated 13,115 HIVinfected patients across the country, or about 8.5% of patients in care for HIV. General medicine physicians spent more time in outpatient practice and saw more patients per week than did ID physicians, although the amount of time spent in clinical practice was similar for both specialties. For 21% of nonexpert general physicians, the majority of their patients had injection drug use as a risk factor for acquiring HIV, as compared to just 14% of 
HIV-Specific Experience and Training
HIV-Specific Knowledge
On average, physicians were correct on 8.2 (75%) of the 11 questions in the HIV knowledge scale and about one half were correct on more than 80% (Table 3 ). Infectious disease physicians had an average of 1 more correct question than generalist physicians and 69% had more than 80% correct, as compared to only 45% of general physicians (P < .01). Self-rated experts had higher average scores than did those who did not consider themselves experts (8.7 vs 6.6; P < .01), and self-rated experts within general medicine had scores that were similar to scores for ID specialists (8.5 vs 9.0; P = NS). Physicians with higher current patient volumes (>50 patients) scored higher than did those with fewer than 20 patients (8.8 vs 6.4; P < .01). For physicians with fewer than 20 patients, there was a positive association between caseload and score (e.g., an average score of 6.0 for physicians with fewer than 10 patients versus a score of 7.2 for those with between 10 and 18 patients; P < .05).
Referral Patterns and Rates of CME Activity
Similar associations were observed for the relationships of experience and training with HIV-related referral patterns, involvement of patients in clinical trials, and attending local and national HIV-related CME activities. Fourteen percent of infectious disease physicians reported that they would ever refer versus 46% of general and other physicians (P < .01; Table 4 ). General medicine physicians who rated themselves as experts reported that they would refer less often than nonexperts (27% vs 82%; P < .01) and had rates closer to those reported by ID physicians. Compared to ID physicians, general medicine experts were more likely to refer for evaluating possible changes in antiretroviral therapy (22% vs 11%; P = .01) and choosing alternative prophylactic regimens for opportunistic infections (16% vs 8%; P = .02). The referral rates for the individual items were lowest for the initial evaluation of an HIV-infected patient (4% for general medicine experts, 2% for ID physicians, and 44% for general medicine physicians without expertise) and highest for evaluating possible changes in antiretroviral therapy (22% for general medicine experts, 11% for ID physicians, and 78% for general medicine physicians without expertise).
Self-rated experts in both infectious diseases and general medicine reported that they attended more local (9.6 and 9.0, respectively) and national (2.4 and 2.2, respectively) CME meetings than did nonexpert generalists (2.6 local meetings and 0.3 national meetings; P < .01). In contrast, ID physicians had more patients enrolled in clinical trials (17%) when compared with general medicine experts (13%) and general medicine nonexperts (9%; P < .01).
For physicians who rated themselves as extremely, very, and somewhat or not knowledgeable, rates of ever referring were 17%, 41%, and 84%, respectively (P < .01 for trend). Physicians who rated themselves as extremely knowledgeable attended 10.2 local CME meetings per year, compared with 6.2 and 1.6 meetings per year for those in the next 2 knowledge categories (P < .01). Twenty percent of physicians with high caseloads (>50 patients) reported that they would ever refer versus 34% of those with 20 to 50 patients and 83% of those with fewer than 20 patients (<.01). Similarly, physicians with high caseloads also attended more local and national CME meetings, although enrollment in clinical trials was similar for both high-and low-volume physicians. 8.9 ; 95% CI, 4.6 to 17.1) were more likely than were those following fewer than 20 patients to score 80% or higher on the knowledge scale. When the composite training/experience variable is considered individually (column 2), generalist HIV experts (OR, 4.3; 95% CI, 2.3 to 7.9) and ID trained physicians (OR, 7.8; 95% CI, 4.1 to 14.7) were both more likely than were nonexpert generalists to score 80% or higher on the knowledge scale. When these 2 variables are examined simultaneously (column 3), a caseload of 50 or more patients is still significantly associated with knowledge (OR, 5.7; 95% CI, 2.4 to 13.6). The association of ID training with knowledge, however, is now markedly attenuated (OR, 2.7; 95% CI, 1.2 to 6.2), suggesting that the effects of specialty training on knowledge may largely be explained by HIV caseload.
Multivariable Correlates of Knowledge and Referrals
The relationships between current caseload, the composite knowledge/experience, and knowledge levels to referral rates are also shown in Table 5 (columns 4 and 5). In column 4, each of these 3 variables is considered individually. After controlling for race, gender, and patient HIV risk factor profile, physicians with caseloads of 20 to 49 patients (OR, 0.08; 95% CI, 0.03 to 0.21) or 50 or more patients (OR, 0.04; 95% CI, 0.02 to 0.08) were less likely than were physicians with fewer than 20 patients to ever refer. Both generalist HIV experts (OR, 0.06; 95% CI, 0.03 to 0.13) and ID-trained physicians (OR, 0.03; 95% CI, 0.01 * Notes physicians who answered that they would ever refer for one of 5 different clinical scenarios in HIV care (see Methods section). N = 376 respondents for this series of questions. y Local and national meetings refer to meetings attended in the past 12 months. z Percent of patient population enrolled in clinical trials. x Indicates P < .01 by ANOVA or 2 for differences within the category. k Indicated P < .05. { Only 6 physicians were in this category.
to 0.06) were less likely to ever refer than were generalist nonexperts. A higher knowledge score was also associated with referring less often (OR, 0.20; 95% CI, 0.13 to 0.33). When these 3 variables were considered jointly (column 5), we observed similar findings. Caseloads of 20 to 49 patients (OR, 0.25; 95% CI, 0.09 to 0.75) and caseloads of 50 or greater patients (OR, 0.17; 95% CI, 0.07 to 0.45) were associated with lower rates of ever referring. Both generalist experts (OR, 0.19; 95% CI, 0.08 to 0.49) and IDtrained physicians (OR, 0.09; 95% CI, 0.03 to 0.22) referred less often than did generalist nonexperts, and physicians with higher knowledge scores referred less often (OR, 0.39; 95% CI, 0.22 to 0.69).
DISCUSSION
The debate about who should care for patients with HIV infection or other chronic diseases often focuses on specialty training. This focus fails to account for diseasespecific experience and the knowledge and skills that physicians might acquire through such experience and other clinical or educational activities. Our study is the first that we are aware of to provide national data on the relationships between specialty training and specialization, and how they relate to physician knowledge and selected physician behaviors. We hypothesized that expertise in the treatment of a particular condition would be most related to both specialty training and specialization, but that specialization, as primarily measured by experience, would be the most important factor.
These results confirm our hypotheses in a nationwide representative sample of physicians caring for adults with HIV infection. Among generalist physicians, expertise was strongly associated with caseload, knowledge, referral rates, and rates of participation in CME activities. We found no important difference between physicians trained in infectious diseases and general physicians who consider themselves experts in HIV care on caseload and attendance at local and national meetings. Infectious diseases±trained physicians, however, had slightly higher HIV-related knowledge scores and referred less often. In multivariable models that controlled for caseload and self-assessed expertise, caseload was the most important predictor of knowledge scores. This suggests that interest and involvement in HIV care by a physician, as manifested by caseload, keeping up with the literature, and attending meetings, are related to disease-specific expertise, regardless of specialty training.
Other studies have shown that specialists are usually more knowledgeable than generalists about diagnostic techniques 13, 14 and efficacious therapies.
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In addition, when processes of care are examined (using chart reviews or patients' reports), for acute myocardial infarction (MI), 15, 21 26 and depression, 27 specialists tended to provide care deemed appropriate at higher rates than did generalists. While ID physicians in our study had slightly higher knowledge levels and different behaviors than generalist HIV experts, it appears that physicians not trained in ID can, by virtue of interest, clinical experience, CME activities, and other methods of self-education such as reading medical journals and newsletters, develop similar levels of HIV expertise. We found that generalists who do not claim to have expertise in HIV refer more than generalists who do have expertise. As expected, physicians with training in infectious diseases had the lowest rate of referral for the 5 clinical scenarios presented. While we cannot examine the appropriateness of these referrals, one might assume that higher rates of referral are an appropriate response for nonexpert physicians and that this does not indicate lower Our study has several limitations. First, we do not know if the knowledge scale we used predicts care quality, and we do not have external criteria to assess the extent to which absence of knowledge will lead to poor care. However, nationally recognized experts selected questions that they thought reflected knowledge necessary to provide state-of-the-art care. Extensive pretesting that included groups of both HIV specialist physicians and generalist physicians with no particular expertise in the treatment of HIV infection demonstrated that the scale was able to discriminate between these 2 types of physicians. Second, as with all surveys, we rely on self-reports for our measures of specialty training, experience, and expertise. We see no reason, however, why error in reporting would tend to bias the associations we examined. Third, HCSUS did not include patients in prisons or the military and patients not receiving care. This is, however, the only nationally representative population of HIV-infected patients that we are aware of, and these patients identified our physician sample. We believe that our results can be generalized to physicians caring for patients with HIV infection in the United States. One additional caveat, however, is that HIV/ AIDS may be atypical when compared to other chronic diseases in that when HIV first emerged, care was not uniformly embraced by ID specialists and was often delivered in community settings by generalists physicians. In the current environment, it might be more difficult for a non±ID-trained physician to develop similar expertise in HIV-related care. This would suggest, however, that in order to establish competency among current internal medicine residents, training programs should involve residents in the outpatient care of HIV-infected patients in settings where they can be supervised by experts in HIVrelated care.
In summary, our results suggest that if we are to understand better the factors underlying reported associations between either specialty or volume and quality of care and/or outcomes, we should study both formal training and experience with a particular condition. Our data strongly suggest that general physicians are able to develop condition-specific knowledge similar to that of physicians with specialty training if they have a substantial case load and make an effort to stay current in a particular area. Specifically, we recommend that in future studies of HIV care, physicians be classified according to HIV caseload and whether they consider themselves experts in HIV care, in addition to classification by formal training. If there is concern that the latter type of measure is too subjective, other indicators, such as attendance at HIV clinical meetings, could be used. It remains to be determined whether these findings can be generalized to the care of patients with other chronic conditions. Further studies also are required to assess whether such knowledge translates into appropriate clinical practices and subsequent good outcomes. It will also be important to know if contextual factors, such as practicing with other specialists, modify the relationships described here.
